Background: The recommended range of anteversion of the components in total hip arthroplasty (THA) is between 10 and 30 • , but the intraoperative estimation of these versions may be inadequate. Hypothesis: The components anteversion in primary cementless THA using straight stem and hemispherical cup is not significantly different from the native anteversion of the hip joint. Objectives: To evaluate in a prospective manner the range of anteversion currently achieved in cementless THA. Patients and methods: Five senior surgeons operated 91 patients with primary cementless THA. We used a straight press fit stem and a hemispherical press fit cup. We aimed to obtain femoral anteversion of 10 to 30 • , acetabular anteversion of 10 to 30 • and a global combined anteversion of 25 to 55 • . Cup position was checked with an impactor-positioner, and stem position was determined with the knee flexed 90 • . In all cases we used elevated liners and 28 mm diameter ceramic heads. At 3 months postoperatively the component versions were measured using a General Electric LightSpeed Pro 16 (Milwaukee, Wi, USA) with the patient in supine position. Results: Femoral component measurements ranged from 17 • of retroversion to 60 • of anteversion with a mean of 23.0 ± 11.8 • . Similarly, acetabular component version ranged from 28 • of retroversion to 46 • of anteversion with a mean of 18.5 ± 13.7 • . There were no correlations to the native femoral and acetabular versions. Only 55 hips (60.4%) were within the accepted range of 25 to 55 • of combined anteversion, but none of the cases dislocated during a follow-up of 2 years.
Introduction
Accurate placement of the femoral and acetabular components has been considered as a prerequisite for successful total hip arthroplasty (THA) [1] [2] [3] [4] . The optimal position of the components has been studied by many authors, and the stem and cup should provide a mean combined anteversion of approximately 37 • (range, 25 to 50 • ) to avoid impingement and/or dislocation [5] [6] [7] [8] . In cementless THA the surgeon has poor control of the anteversion of a straight femoral stem since it tends to be dictated by the anteverted or retroverted shape of the proximal femur. However, there is little published information about the component placements in cementless THA, and only one study has compared the component versions with the native versions [9] .
Component version in THA has in general been assessed from plain radiographs. This relies on accurate and reproducible patient positioning and complex formulas and mathematical tables [10, 11] . Therefore plain radiographic methods are of limited use. Computed tomography (CT) is able to provide information on component orientation in THA without the use of mathematical formulas, and intra-and interobserver errors of 2 and 3 • , respectively, have been reported [12] [13] [14] . The technique allows precise measurement of the version of the stem, but variation in pelvic tilt in patient positioning influences the measurements of cup orientation [15] [16] [17] . In the present study, we obtained CT-scans postoperatively with the patient in supine position to measure the version of the stem and cup in patients who underwent a cementless THA to answer what is the range of anteversion currently achieved in cementless THA. Furthermore, we asked whether there were differences in component version according to gender, surgical approaches, diagnosis of primary or secondary osteoarthritis or as compared the native anteversion of the hip joint.
Patients and methods

Patients
The study was approved by the local ethical committee and performed in accordance with the ethical standards of the 1964 Declaration of Helsinki as revised in 2000. It was prospectively performed in 91 patients (91 hips) who underwent primary cementless THA. There were 53 women and 38 men, and 17 had previously been operated in the other hip with prosthesis. The reason for surgery was primary osteoarthritis in 60 hips, and secondary osteoarthritis due to developmental dysplasia of the hip in 29 and Legg-Calvé-Perthes disease in two hips. The mean age at the time of surgery was 55.6 ± 16.5 years (range, 21 to 90 years). The age of the patients with primary osteoarthritis (59.5 ± 17.3 years) was significantly higher (P < 0.001) than the age of the patients with secondary osteoarthritis (48.8 ± 11.6 years).
Five senior surgeons at our hospital operated the 91 patients. A lateral approach to the hip was used in 40 cases, and a posterior approach was used in 51 cases. In all patients we used cementless replacement with a porous coated hemispherical press fit cup (Trilogy, Zimmer, Warsaw, In, USA) and a hydroxyapatite coated straight and rectangular press fit stem (Corail, DePuy, Saint Priest, France). The cup was inserted first then the stem. We used cup sizes from 48 to 60 and stem sizes from 9 to 14. As a standard we aimed to obtain femoral anteversion of 10 to 30 • , acetabular antversion of 10 to 30 • and a combined anteversion of 25 to 55 • . Cup position was obtained with the aid of an acetabular cup impactor-positioner provided with the implant manufacturer. Stem position was obtained with the knee flexed 90 • and the leg as the reference for anteversion. In all cases we used elevated liners to provide optimal femoral head coverage and we used a ceramic head with diameter 28 mm.
Methods of assessment
At 3 months postoperatively, and after informed consent in all patients, acetabular and femoral component version was measured using a General Electric LightSpeed Pro 16 (Milwaukee, Wi, USA). Three single slices, 5 mm of thickness, were made through the centre of the femoral head, the middle of the femoral neck and just above the lesser trochanter, respectively. Another slice was performed in the knee region at the level of the femoral condyles. Femoral component version was calculated as the angle between a line from the head of the femoral prosthesis to the centre of the proximal femoral diaphysis; and a line connecting the posterior aspect of the medial and lateral femoral condyles, respectively ( Fig. 1 ). We defined acetabular component version as the angle between a line connecting the lateral anterior and posterior margins of the acetabular component and the sagittal plane defined as the plane perpendicular to a line connecting two identical points on either side of the pelvis.
Descriptive statistics used mean, standard deviation and ranges. Differences between groups were tested using a twosample t-test. P < 0.05 was considered significant. We also calculated Pearson's correlation coefficient (r).
Results
The femoral component version as measured from the CTscan ranged from 17 • of retroversion to 60 • of anteversion with a mean of 23.0 ± 11.8 • (Fig. 2 ). The anteversion of 63 (69.2%) of the femoral components were within the target zone of 10 to 30 • , while nine (9.9%) of components were below the target zone (surgically overestimated) and 19 (20.9%) were above the target range and thus was surgically underestimated. There were no significant differences in femoral component version according to gender, surgical approaches or diagnosis of primary or secondary osteoarthritis (Tables 1-3 ). The native femoral version in the 74 patients with unilateral THA ranged from 6 • of retroversion to 57 • of anteversion with a mean of 23.9 ± 11.6 • , which was not significantly different from the femoral component version (Table 4 ). Moreover, there was no correlation between the stem and native versions (r = 0.132).
The acetabular component version ranged from 28 • of retroversion to 46 • of anteversion with a mean of 18.5 ± 13.7 • (Fig. 3 ). The anteversion of 53 (58.2%) of the acetabular components were within the target zone of 10 to 30 • , while 22 (24.2%) were below the target zone and thus was surgically overestimated and 16 (17.6%) were above the target range and thus was surgically underestimated. The version of the acetabular component was less in the male patients as compared to the females (P = 0.018), but there were otherwise no significant differences between approaches or patients with primary or secondary osteoarthritis. The native acetabular version ranged from 8 • of retroversion to 35 • of anteversion with a mean of 16.3 ± 7.5 • , which was not significantly different from the component version. Moreover, there was no correlation between the cup and native acetabular versions (r = 0.109).
The combined version ranged from 18 • of retroversion to 101 • of anteversion with a mean of 41.6 ± 18.9 • (Fig. 4 ). Fifty-five hips (60.4%) were within the target zone of 25 to 55 • , while 13 (14.3%) were below the target zone and 23 (25.3%) were above the target zone. The combined version of the components was less in the male patients as compared to the females (P = 0.05), but there were otherwise no significant differences between approaches or patients with primary or secondary osteoarthritis. The native combined version ranged from 2 • of retroversion to 79 • of anteversion with a mean of 40.5 ± 14.4 • , which was not significantly different from the combined component version. Moreover, there was no correlation between the combined prosthetic and native versions (r = 0.108). Values are mean ± SD (range).
The patients have been followed for 2 years with no cases of dislocations or revisions. Furthermore, there were no cases with a leg length discrepancy above 2 cm.
Discussion
Successful THA relies on an accurate placement of the femoral and acetabular components, particular with respect to version. The generally accepted combined anteversion for THA has a safe zone from 25 to 50 • (mean: 37 ± 12 • ) [18, 19] , with less combined anteversion in men than in women [5, 8, 20] . We found that in primary cementless THA using straight stem and hemispherical cup, the components anteversion was not significantly different from the native anteversion of the hip joint, but there was a wide range of component versions, and there were no correlations to the native versions.
The strength of our study is the experience of participating surgeons, and in all cases we used the same type of prosthesis. It has been shown that senior surgeons do better than residents, and different types of prostheses may influence the results [21] . Different surgical approaches (anterolateral and posterolateral) were used with the same results, and our results could be compared to the native anteversion of the hip. On the other hand, there are certain limitations to our study. We used a straight stem, and the precision of stem orientation could have been improved with a curved stem that better followed the anatomy of the proximal femur. In line with this, our results cannot automatically be transferred to cemented stems. Also, CT-scan studies of cup positioning should be interpreted with caution because there are variations of the pelvic orientation depending on patient positioning and there are different conventions used to describe the cup orientation [15] [16] [17] 22] . Therefore, we emphasize that our results relies on CT-scan investigations with the patient in the supine position. In our patients the femoral component version was underestimated more than twice as frequently as it was overestimated. In cementless THA the anteversion of the femoral component tends to be dictated by the shape of the proximal femur. A so-called ''best fitting'' straightstemmed femoral component must negotiate the twist and bow of the proximal femur. Therefore, there may be a difference between the anteversion of the femoral prosthesis and the native anteversion of the femoral neck. This may especially be the case in patients with developmental dysplasia of the hip. However, in our series there were no significant differences in femoral component orientation between the patients with primary osteoarthritis and those with osteoarthritis secondary to developmental dysplasia of the hip.
In opposite to femoral component orientation, the acetabular component version was overestimated more frequently than it was underestimated. A reason may be that CT-scan in the lying position leads to retroversion of the cup relative to the standing position. In a previous study on freehand cup positioning, a tendency to underestimate the anteversion of the acetabular component was reported [21] . However, the study was performed with standardized X-rays and therefore cannot be directly compared to our study. One comparable study is that of Saxler et al. [23] who showed, in a retrospective CT-controlled design, that only 27 out of 105 cups (26%) were placed within the safe zone of Lewinnek. In a second study, Digioa et al. [24] , used a specific mechanical acetabular alignment guide, and the results were controlled preoperatively with a hip navigation system. In 74 hips, only 22% of the cups were placed within the Lewinneks safe zone [24] . Compared with these two studies, our data demonstrate better accuracy of cup positioning.
In a previous study [12] it is found that femoral and acetabular anteversion was overestimated with a posterior as compared to a lateral approach. It was suggested this was due to the theoretical risk of posterior dislocation with a posterior approach. In our study we found no differences in component orientation between a posterior and lateral approach. With both approaches many cups were outside the intended range of anteversion.
Malposition of the acetabular cup has been considered a most important factor for dislocation of a total hip prosthesis. Coventry et al. [25] found a significant association between acetabular retroversion and posterior dislocation. On the other hand, Lewinnek et al. [4] reported a higher incidence of anterior dislocations in THA with more than 25 • of acetabular component anteversion. Then, both excessive anteversion and retroversion should be avoided to prevent dislocation. However, the risk factors that predispose to dislocation are multivariate and include patient-related, operative, and implant design variables [26] . With a followup of 2 years, we had no cases of dislocation. The literature suggests that more than half of all dislocations after THA occur within the first 3 months after surgery, more than three quarters within one year [27] , and one series demonstrated that 70% of dislocations occurred within the first month after surgery [28] . Our results thereby underline that malpositioning of the components is only one of many factors for dislocation. It has been shown that bigger head significantly reduces the rate of dislocation [29] . We used a rather small head, but malpositioning and the use of a small head in our series may have been compensated for by the elevation of the polyethylene insert.
When we perform THA, we start with the acetabular component, accepting the concept of combined component anteversion to prevent dislocation. With inappropriate acetabular anteversion, adjustment must be done on the femoral side. However, the anatomy of the proximal femur may restrict the anteversion of a cementless stem, and this may compromise the combined anteversion. In our study, only 60% were within the target ranges of the combined component anteversion. In line with this, some authors have recommended preparing the femur first and then adjusting the position of the cup to that of the stem to improve stability and reduce impingement [18] .
Our measurements of normal femoral and acetabular anteversion are similar to those measured by others. Sugano et al. [30] cite native femoral anteversion to be 20 ± 9 • , and Stem et al. [31] report native acetabular anteversion to be 23 ± 6 • . The acetabular anteversion in males was reported to be about 3 • less than in females. We also found that the native acetabular anteversion was less in males than in females, but not significantly. A tendency to follow the native anatomy can explain the higher acetabular component anteversion in females than in males. Only one previous study has correlated the component versions with native versions [9] , and like us, they found poor correlations. A problem is that a safe component zone is not reflected in the patient's anatomy. Safe zones are statistical results of clinical, radiological and anatomical studies on different patient cohorts in relation to complications after THA. The use of safe zones as target for implant positioning may be in conflict with variations in the patient's anatomy. However, several studies have shown that the use of navigation systems may improve the placement of the acetabaular component compared with that achieved with conventional freehand implantation. In an experimental approach, Jolles et al. [32] showed that computer-assisted methods are more accurate than traditional methods of cup positioning, and in a clinical study by Parratte and Argenson [33] , computer-assisted navigation significantly reduced the number of acetabular cup outliners. These results are in agreement with a prospective, randomized clinical study performed by Kalteis et al. [34] . Acetabular components were implanted either freehand (n = 30), using CT-based (n = 30) or imageless navigation (n = 30). The position of the component was determined postoperatively on CT-scans. With conventional freehand placement of the acteabular cup, 14 of the 30 cups were within the safe zone of Lewinneck. After computer-assisted and imageless navigation, 25 and 28 respectively of the 30 acetabular components were positioned within this zone. No significant differences were observed between CT-based and imageless navigation. However, the use of navigation for THA adds costs and surgical time to the procedure and therefore must be an integral part of the operating theatre. The use of navigation systems, then, has to be balanced against many other different aspects to reduce the rate of impingement and dislocations as well as clinical outcomes.
Conclusion
Our study shows that intraoperative estimation of femoral and acetabular anteversion by a cup impactor-positioner and the knee flexed 90 for femoral reference in many cases is inadequate in cementless THA. In relation to the intended range of 10 to 30 • anteversion of the components, femoral anteversion was surgically underestimated while acetabular anteversion was surgically overestimated. Altogether, about 40% of the cases were outside the accepted range of 25 to 55 • of combined anteversion, but malposition was compensated for by elevated liners to provide optimal femoral head coverage.
